Introduction: The Southern Community Cohort Study is a prospective study of low socioeconomic status (SES) blacks and whites from the southeastern US, where the burden of end-stage renal disease (ESRD) and its risk factors are high. We tested whether the 2.4-fold elevated risk of ESRD we previously observed in blacks compared to whites was explained by differences in baseline kidney function.
Background
Chronic kidney disease (CKD) is one of the fastest growing chronic health conditions worldwide, particularly among minority populations, and is associated with substantially increased risks of end-stage renal disease (ESRD) and cardiovascular mortality [1, 2] . In 2015, there were 124,114 incident cases of ESRD in the United States. ESRD incidence rates for blacks are more than three times greater than for whites, at 865 per million in 2013 [3] . There is a striking disparity in the lifetime risk of developing ESRD: 8% among blacks compared to 2-3% among whites [4] . To identify specific subpopulations at risk and their risk factors, a number of cohort studies have examined racial differences in ESRD and have consistently demonstrated higher ESRD incidence among blacks compared to whites [5] [6] [7] . Neither traditional risk factors including diabetes and hypertension, nor the presence of high risk genotypes, fully explain the racial differences in ESRD [5] [6] [7] [8] , emphasizing the need for longitudinal cohort studies in vulnerable populations to examine novel factors underlying racial differences.
The Southern Community Cohort Study (SCCS) is a large ongoing, prospective study of black and white participants residing in the southeastern United States, where rates of ESRD are among the highest in the nation due to reasons that remain to be fully elucidated [3] . The age-adjusted ESRD incidence rate in the SCCS study population is 79/100,000 person-years among whites compared to 285/100,000 person-years among blacks. The SCCS provides unique advantages for examining racial differences in ESRD, since all participants have similar (typically low) household income and education levels regardless of race, limiting confounding by socioeconomic differences. In an earlier report we described ESRD incidence among black and white participants in the SCCS and its association with traditional risk factors such as male gender, low income, diabetes, and hypertension [9] . While the pattern of risk factors was similar for blacks and whites, stronger associations were observed for traditional ESRD risk factors in blacks. After adjustment for these known risk factors, the risk of ESRD nonetheless remained more than twofold higher for blacks [hazard ratio (HR): 2.4, 95% confidence interval (CI): 1.9, 3.0]. However, these analyses lacked data on baseline kidney function. We hypothesized that the observed racial disparity in risk may be explained by differences in kidney function at baseline. To address this, we used a case-cohort design, measured baseline serum creatinine to characterize kidney function, and evaluated associations with ESRD risk among black and white participants of the SCCS.
Methods

Study population and data collection
The SCCS enrolled nearly 86,000 adults, age 40-79 years, residing in 12 states in the southeastern United States during [2002] [2003] [2004] [2005] [2006] [2007] [2008] [2009] . Approximately 86% of participants were enrolled at participating community health centers (CHC), institutions which provide primary health and preventive services in medically underserved areas [10] . A detailed description of SCCS methods is available on the study website (http://www.southerncom munitystudy.org/) and in previous publications [9, [11] [12] [13] . SCCS participants provided written informed consent, and protocols were approved by the Institutional Review Boards of Vanderbilt University Medical Center and Meharry Medical College.
Analyses were restricted to black and white individuals enrolled at CHCs, in order to ensure similar socioeconomic status and generally equal access to health care regardless of race, and the opportunity to donate a blood specimen at baseline. The SCCS does not have sufficient sample size for stable statistical analyses in other race groups. Upon enrollment at the CHC, participants were administered a baseline computer-assisted personal interview. The questionnaire ascertained information about demographic, socioeconomic and lifestyle characteristics, personal and family medical history, height, weight, and other factors (available at www.southerncom munitystudy.org).
Blood sampling and eGFR determination
Approximately 46% of the cohort donated a baseline 20 mL blood sample during their CHC recruitment. Samples were refrigerated immediately after collection and then shipped cold on that day. Blood was processed and stored frozen at − 80°C in the SCCS Biospecimen Repository at Vanderbilt University Medical Center on average within 1.2 days (range 1-5) after collection. Baseline serum levels of creatinine were measured using the modified Jaffe (Rate) method on a Beckman Coulter DXC 600 clinical chemistry analyzer. The creatinine assays were calibrated and daily quality checks performed at three levels before sample testing. Creatinine data were used for estimation of baseline glomerular filtration rate (eGFR) using the CKD-EPI equation [14] .
ESRD assessment
Incident diagnoses of ESRD among SCCS participants after entry into the cohort were ascertained by linkage of the cohort, using date of birth, Social Security number, and first and last name, with the US Renal Data System (USRDS) from January 1, 2002 to March 31, 2015, the latest date for which data were available. The USRDS registers ESRD cases certified by a physician diagnosis and filed using a medical evidence report form (to the Medicare ESRD program) or when there is other evidence of chronic dialysis or a kidney transplant. Through March 31, 2015, a total of 2137 cases of ESRD were identified in the SCCS. We excluded from our analysis 425 individuals with a diagnosis of ESRD recorded in the USRDS prior to enrollment in the SCCS (prevalent cases). After these exclusions, there were 1712 incident cases of ESRD among SCCS participants, 737 of whom had a stored serum sample allowing for measurement of baseline creatinine (Fig. 1) .
Study design and statistical analyses
We used a case-cohort study design [15] , selecting all cases of incident ESRD who had stored serum and a probability sample of the entire cohort who donated blood samples (i.e., the subcohort). The subcohort was constructed from several previous nested case-control studies performed within the SCCS for which creatinine had already been measured. Because the matching algorithm was known for each of the nested case-control studies, we were able to calculate the sampling probability into the subcohort from the entire SCCS population with donated blood. We were able to verify that all but 0.5% (209/37,277) of the SCCS population with donated blood had a positive probability of being selected into the subcohort. Using the sampling probabilities, we constructed trimmed inverse sampling probability weights. Participants were considered at risk from the date of entry into the SCCS cohort until the first occurrence of incident ESRD diagnosis, date of death, or end of available follow-up, set to the end of USRDS data availability (March 31, 2015) .
We selected a weighted probability sample of 4238 participants from the 37,277 cohort participants with available blood specimens as outlined above (Fig. 1) . This weighted probability sample constitutes 13% of all SCCS participants who donated blood samples, and is comparable to those participants with respect to baseline demographics and other characteristics, including racial distribution, low income and education level and high prevalence of cardiovascular risk factors (Table 1 ). In particular, the weighted subcohort included 70.8% blacks and 29.2% whites, which was similar to 67.3% blacks and 28.6% whites in the SCCS target population. In the overall SCCS with stored blood as well as the subcohort, about 32% had an education level < 12th grade, 60-63% had an annual income <$15,000, and approximately 55 and 22% had hypertension and diabetes, respectively.
Using methods appropriate for probability samples (or survey samples), we described characteristics of subjects in the case-cohort stratified by race and baseline eGFR. Specifically, variable means, standard deviations, or categorical proportions were calculated using the sample weights. We modeled time to ESRD as a function of race, demographic (age at enrollment, sex), socioeconomic (education <12th grade, income < $15,000/year), and clinical variables, including baseline eGFR, body mass index (BMI, kg/m 2 ), history of smoking (ever, never), and history of diabetes (yes/no and duration of diabetes), stroke, myocardial infarction, and hypertension (all yes/no), in a series of Cox regression models that accounted for the case-cohort study design and the weighted sample [16] . To allow for the potential non-linear associations between the continuous predictors (age, eGFR, and BMI) and time to ESRD, these predictors were added to the model as restricted cubic splines with four knots. To further adjust for potential confounding by diabetes severity and control, we added medication use for diabetes (including insulin to the models). In order to understand the impact of adjustment for eGFR on the association of race with ESRD and whether there is an interaction between race and eGFR on the ESRD risk, two additional models were constructed: one without eGFR altogether and another with an interaction term between race and eGFR. We used the complete case method; 217 (4.56%) participants were missing one or more covariates and excluded from the Cox proportional hazards analyses.
From the Cox models, we calculated hazard ratios and corresponding 95% confidence intervals. In addition to hazard ratios, we constructed partial effect plots of eGFR and race on the log relative hazard scale, which highlight the differences in ESRD risk between blacks and whites for different levels of baseline kidney function while adjusting for the other variables in the model. The partial effect plot in this analysis compared the log relative hazard of ESRD as a function of eGFR while holding all other covariates to the same value. In short, the partial effect plot is generated by calculating the log relative hazard from the Cox model by plugging in reference values for all covariates in the regression model. For example, age was set to 55 and sex was set to female. The covariate on the x-axis, eGFR, was set to the range of values observed in the study population. Thus, by holding the other covariates constant, we can trace out the shape of the associate between eGFR, race, and the log relative hazard of ESRD.
The Cox proportional hazards model for time to ESRD is often referred to as a cause-specific analysis because death is treated as a censoring event. Cause-specific analyses are routinely performed, and the resulting HR are interpreted similarly to standard HR (under the assumption that the time-to-event distribution is independent of the censoring distribution which includes death). Estimating the cumulative incidence function from a causespecific model, however, is generally not appropriate. To tease out the impact of death as a competing risk for ESRD, we constructed a multistate model (Fig. 2) .
The model is time-to-first event, as death after ESRD was not modeled. The extra sub-cohort cases that enriched the case-cohort analysis with additional events were omitted from the multistate analysis. The Aalen-Johansen estimate of the probability of being in each state was generated from the cumulative hazard functions from each cause-specific model and the transition matrix implied by the model above. From the model, we generated plots of the estimated 10-year probability of incidence ESRD and death as a function of eGFR, sex which was derived from a model with age, eGFR, sex, race, diabetes status, hypertension status, and the interaction between race and eGFR. Age and eGFR were included as restricted cubic splines. All analyses were conducted using R. For main effects and interaction terms, P ≤ 0.05 was considered statistically significant.
Results
Compared to the subcohort, a higher proportion of ESRD cases were black (71% vs. 87%, respectively) ( Table 1 ). In addition, ESRD cases were slightly older at enrollment than subcohort members and were of similar socioeconomic status. Black subcohort members had a higher median eGFR at baseline compared to whites (107.7 vs. 96.9 ml/min/ 1.73m
2 ) ( Table 2 ). Despite the higher incidence rate of ESRD in blacks, the proportions of black and white ESRD cases with normal kidney function (eGFR > 60 ml/ min/m 2 ) at baseline were not meaningfully different (54.7% in blacks versus 49.8% in whites). Black and white subcohort members were similar in terms of baseline characteristics, including education and income level, obesity, and the prevalence of cardiovascular risk factors (hypertension, diabetes, stroke). Among ESRD cases, blacks were younger at cohort enrollment compared to whites (median age 52 versus 59 years, respectively), and were more likely to be overweight or obese than white cases. Also, black ESRD cases were slightly more likely to have hypertension compared to white ESRD cases (86.4% versus 82.6%, respectively), but less likely to have a history of diabetes (67.8% versus 74.5%), stroke (11.3% versus 21.3%) or myocardial infarction/bypass (12.8% versus 26.2%).
Across all baseline eGFR categories, a higher proportion of ESRD cases compared to subcohort members were black; the only apparent exception, in race-by-sex tabulations, was a lower proportion of black women among ESRD cases with eGFR > 90 compared to subcohort (33.7% vs. 45.0%) (Additional file 1: Table S1 ).
The median (range) time of follow up for the overall study population was 9.3 years (6.9, 11.1). In multivariable models (Table 3) , after adjustment for baseline eGFR as well as clinical, lifestyle and demographic characteristics (age, sex, BMI, smoking, education, income, hypertension, diabetes, stroke/TIA and MI/bypass), the greater than two-fold elevated ESRD risk among blacks compared to whites persisted (HR: 2.58; 95% CI: 1.65, 4.03). Women were at significantly lower risk for ESRD compared to men (HR: 0.42; 95% CI: 0.31, 0.58), and diabetes duration ≥20 years was strongly associated with ESRD risk in our study population (HR: 12.17; 95% CI: 7.34, 20.16); the association between hypertension and ESRD was attenuated by adjusting for baseline eGFR but remained statistically significant (HR: 1.96; 95% CI: 1.21, 3.19). The race and sex associations with ESRD observed in the cause-specific analysis were also observed in the multi-state model (Additional file 2: Table S2 and Additional file 4: Figure S1 ). The addition of medication use for diabetes (including insulin) to the models did not change the results.
In a partial effect plot based on multivariable Cox models, we examined the association between baseline eGFR and incident ESRD, by race. As shown in Fig. 3 (Additional file 3: Table S3 ), baseline eGFR was a strong predictor of ESRD risk. While the ESRD risk in blacks was significantly higher than the risk for whites for most levels of baseline eGFR < 100 ml/min/1.73m 2 , the curves crossed at about eGFR < 40 ml/min/1.73m 2 , demonstrating heterogeneity of the eGFR effect across racial groups (P for race*eGFR interaction = 0.029). Furthermore, compared to blacks, the slope of the curve for whites appeared steeper; each 10 mL/min lower eGFR at baseline was associated with a greater increase in log relative hazard of ESRD.
Discussion
In this large case-cohort study in a population with a high burden of ESRD, we demonstrated that blacks compared to whites were at disproportionate risk for developing ESRD, after accounting for baseline kidney function and other common confounders. For most baseline eGFR values < 100 ml/min/1.73m 2 , the risk of ESRD was higher in blacks than whites. Remarkably, Fig. 2 Multistate Model more than half of black participants with ESRD had an eGFR ≥60 ml/min/1.73m 2 at baseline, with a median time from study enrollment to ESRD of 6-7 years. In addition, blacks had an age-adjusted ESRD incidence rate more than three times greater than their white counterparts despite having a marginally higher median eGFR at baseline than whites. Differences in baseline risk profiles were also apparent, with blacks who subsequently developed ESRD more likely to be obese and hypertensive while diabetes and CVD were more common among whites who developed ESRD.
The persistently higher risk of ESRD among blacks compared to whites suggests an influence of additional factors beyond those already known. Diabetes and hypertension remain the leading risk factors for ESRD. However, our study and others have previously demonstrated that these do not fully explain the racial disparity in ESRD risk [8] . In light of the relatively rapid development of ESRD described herein, the lower SES of most participants, and the availability of information on baseline kidney function, the SCCS cohort is uniquely positioned to study additional risk factors, including potentially modifiable lifestyle behaviors, for development of ESRD in this vulnerable population. The SCCS has resources available that allow further examination of metabolic and genetic profiles associated with CKD progression. Furthermore, the case-cohort design has several advantages. The subcohort we created can be used to study other outcomes in the context of chronic kidney disease and unlike in nested case-control studies the design allows for obtaining measurements at any time after the cohort was originally set up [17] . Currently, the management goals in CKD focus on influencing clinical factors (such as blood pressure and diabetes) and treating complications (anemia, acidosis, among others). However, our understanding of CKD progression is limited and effective interventions to prevent progression are lacking [18] . Apoliproprotein L1 (APOL1) risk variants, common in individuals of African ancestry, are associated with an increased risk of ESRD [19] . APOL1 affects endosomal trafficking, inflammasome activation and autophagic flux and can promote podocyte loss and glomerulosclerosis [18] . Blacks with two high-risk variants have a 7.3-to 29-fold increase in the odds of developing ESRD [20] . Therapies targeting APOL1-related injuries are currently being experimentally addressed [21] . Given its importance, clinical testing for APOL1 variants is under discussion but unexplained variance remains, and evidence of kidney disease is not observed among all carriers of two high-risk variants. Moreover, it is not known what comorbid conditions or exposures in patients with these high-risk alleles are associated with progression to ESRD [22] . Our observation of a high ESRD incidence rates in this population with relatively preserved kidney function at enrollment, highlights opportunities to identify and better characterize additional ESRD risk factors, including modifiers of the effect of APOL1. Our study confirmed roles for diabetes and hypertension in kidney disease as observed in other large cohort studies such as the Framingham Heart/Offspring Study [23] , Multiple Risk Factor Intervention Trial (MRFIT) [24] , and Chronic Renal Insufficiency Cohort (CRIC) [25] . Strengths of our study include the availability of data on both baseline eGFR in addition to ESRD incidence. Furthermore, our study population included sizable numbers of blacks and women. The CRIC study included a significant number of blacks (42%), had a high prevalence of baseline cardiovascular risk factors (48% with diabetes and 86% with hypertension) and well-characterized baseline kidney function, and had a high ESRD incidence rate. By design, CRIC included a significant number (~20%) of participants who had significant kidney function impairment (eGFR < 30 ml/min/1.73m
2 ) at baseline. In contrast, we observed a high incidence of ESRD in our study despite the large number of participants with a relatively preserved eGFR (70% had an eGFR > 90 at enrollment), perhaps signifying rapid progression over a 5-6 year period. There remains a need to characterize patterns of progression to ESRD and risk factors that may impact ESRD progression across a wide eGFR range in high risk groups.
For most levels of baseline eGFR < 100 ml/min/1.73m 2 blacks had a higher ESRD risk than whites. While the CRIC study demonstrated an increased ESRD risks of blacks compared to whites (HR 1.55, 95% CI 1.29-1.86) after adjusting for baseline eGFR, we demonstrate that the difference in ESRD risk may diminish at an eGFR of less than 40. These data may indicate a need to target blacks for CKD screening, treatment, and therapeutic trials earlier in their disease course, when yet to be elucidated risk factors may play a significant role in progression. As CKD advances, common mechanisms of progression including hyperfiltration injury, elevated glomerular pressure, and fibrosis, may predominate in determining the path to ESRD. Most current clinical ESRD risk calculators do not include race as a variable. Future studies should examine whether race is helpful when estimating ESRD risk based on baseline eGFR level and time horizon. The general benefit of these approaches requires further evaluation [26, 27] . A well-known risk factor for CKD progression to ESRD is proteinuria [28] . Different levels of proteinuria have been associated with racial differences of CKD progression [29] and this may hypothetically account for some of the racial disparities in ESRD risk. However, the role of proteinuria in the disparity of ESRD incidence among blacks remains ill-defined and the unavailability of baseline urine protein levels precluded assessment of this risk factor in the SCCS. Additional limitations of our study warrant consideration. These include the selfreported nature of the baseline questionnaire, the lack of time-dependent covariates and the lack of follow-up creatinine measurements, which precluded calculation of eGFR slopes over time. Finally, residual confounding arising from inadequate control of diabetes or hypertension severity cannot be excluded. Only participants who enrolled in 2004 or later and responded affirmatively to the question of whether a doctor ever told them they have high blood pressure were asked additional followup questions on the use of prescription medications for blood pressure control; thus restricting our analyses to those who enrolled after 2004 yielded an insufficient sample size.
We have previously shown a survival advantage among blacks compared to whites in the SCCS, both overall [30] and among those with diabetes [31] , but in sensitivity analyses taking into account competing risks, higher rates of ESRD in black males and black females do not appear to be the result of different rates of death between black and white subjects.
Conclusions
In conclusion, we describe a cohort of blacks and whites with a high prevalence of baseline risk factors who, despite relatively high levels of baseline renal function, progress to ESRD. Furthermore, our study provides evidence that additional unknown risk factors account for the racial disparity of increased ESRD incidence in blacks, and demonstrates the need for early interventions that are not solely based on kidney function assessment in at-risk populations.
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